Koi herpesvirus (KHV) has been associated with devastating losses of common carp (Cyprinus carpio carpio) and koi (Cyprinus carpio koi ) in North America, Europe, Israel and Asia. A comparison of virion polypeptides and genomic restriction fragments of seven geographically diverse isolates of KHV indicated that with one exception they represented a homogeneous group. A principal environmental factor influencing the onset and severity of disease is water temperature. Optimal growth of KHV in a koi fin cell line occurred at temperatures from 15-25 6C. There was no growth or minimal growth at 4, 10, 30 or 37 6C. Experimental infections of koi with KHV at a water temperature of 23 6C resulted in a cumulative mortality of 95?2 %. Disease progressed rapidly but with lower mortality (89?4-95?2 %) at 28 6C. Mortality (85?0 %) also occurred at 18 6C but not at 13 6C. Shifting virus-exposed fish from 13-23 6C resulted in the rapid onset of mortality.
INTRODUCTION
Common carp (Cyprinus carpio carpio) is a fish species widely cultivated for human food with 1?5 million metric tons harvested annually, principally from China and other Asian and European countries and Israel (www.fao.org). In contrast to common carp, the subspecies koi (Cyprinus carpio koi) is a beautiful and colourful fish that is part of a worldwide hobby that involves keeping koi in backyard ponds and large display aquaria for personal pleasure or for competitive showing. The hobby originated with the first century A.D. Romans, matured into the present science and art practised in Japan, and then subsequently spread worldwide (Balon, 1995) .
Beginning in 1998, mass mortality suspected to have a viral aetiology was observed in both common carp and koi in countries throughout the world, including the USA, Germany, England, Italy, Netherlands, Israel and most recently Indonesia (unpublished data). Losses tended to occur seasonally during periods when water temperatures ranged from 18-25 u C. The cumulative mortality associated with outbreaks has had a major negative impact on the koi aquaculture industry and on retailers and hobbyists. A herpes-like virus, referred to as koi herpesvirus (KHV) (Hedrick et al., 2000) , has been isolated or identified from koi and common carp in many of these episodes of mass mortality. In both field and laboratory studies, KHV has caused significant losses among all ages of koi and common carp (Hedrick et al., 2000) . In contrast, cyprinid herpesvirus or CHV, a previously known virus pathogen of koi and common carp, causes losses principally among fish less than 2 months old (Sano et al., 1985a (Sano et al., , b, 1991b . There are currently no widely applied control methods for KHV. Artificially elevated water temperatures as a means to limit KHV infections and to induce anti-viral immunity are currently utilized by some koi producers (J. Dawes, personal communication) . Examination of the effects of both high and lower water temperatures on the onset, severity and potential control of KHV infections under controlled laboratory conditions is thus warranted and may have potential applications in the control of the disease in koi.
Approximately 130 herpesviruses have been identified to date from different animal species; eight are known to infect humans, with most others found in other vertebrates, including fish (Roizman & Knipe, 2001) . In fish, herpes-like viruses are commonly identified as the causes of diseases ranging from benign skin conditions to fatal systemic infections (Hedrick & Sano, 1989) .
We believe that intensive fish culture, koi shows and regional domestic and international trading are the three main mechanisms that have contributed to the rapid global spread of KHV. The movements of fish pathogens with ornamental fish and the active international trade in live fish, including koi, have been recognized as a key pathway for the spread of emerging fish diseases (Hedrick, 1996) . Unfortunately, as with most ornamental fish, unrestricted movements of koi continue, nearly all without health inspections or implementation of quarantine programs at the wholesale or individual hobbyist level. The importance of fish viruses is recognized by the Office International des Epizooties (OIE), with all five notifiable fish diseases being of viral aetiology. Each of the five viruses is considered to be capable of causing significant negative socio-economic and ecological impact if introduced from one zone to another (OIE, 2000) .
Diagnostic methods for the detection of fish viruses continue to rely on virus isolation but newer techniques including PCR assay have been developed for the most prominent agents (Cunningham, 2002) . A widely used PCR assay for KHV was developed by Gilad et al. (2002) . A second PCR assay for KHV has been described by Gray et al. (2002) . These PCR assays have significantly increased our ability to detect KHV infections in koi and common carp.
In this study we compared seven KHV isolates obtained from diverse geographical regions for genomic variations by the analysis of restriction fragment length polymorphisms (RFLP) of genomic DNA and differences in the number or size of structural polypeptides. In addition, we examined the role of temperature on growth of the virus in cell culture and as a key variable influencing the onset and severity and potential control of the disease among koi following experimental exposures to the virus.
METHODS
Viruses and cell line. The KHV (KHV-I) isolate used in this study was obtained from adult koi experiencing mass mortality in Israel in 1998 (Hedrick et al., 2000) . The virus was passed four times in the koi fin (KF-1) cell line prior to genome and polypeptide analyses, growth studies in vitro and experimental infections of koi. An additional six isolates of KHV were obtained from other geographical areas (Table 1 ). The KF-1 cells were grown in minimum essential media (MEM) supplemented with 7?5 % (v/v) foetal bovine serum (FBS), 50 IU penicillin ml
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, 50 mg streptomycin ml 21 and 2 mM L-glutamine . The concentration of FBS in the growth medium for the KF-1 cells was reduced to 2 % (v/v) (MEM-2) prior to virus inoculation and cells were placed at 20 uC for incubation until complete cytopathic effect (CPE) was observed. The medium was buffered with 0?15 M HEPES when KF-1 cells were propagated in tissue culture plates (Shipman, 1969) . Virus concentrations were estimated by TCID 50 using the method of Reed & Meunch (1938) as described by Hedrick et al. (2000) .
Virus purification and DNA extraction. Production and purification of KHV for virion polypeptide and genomic restriction fragment evaluations were similar to those described for channel catfish herpesvirus (Arkush et al., 1992) with minor modifications (Gilad et al., 2002) .
Analysis of virion polypeptides. An equal volume of purified virus (1 mg protein ml 21 ) in TNE (50 mM Tris/HCl, 150 mM NaCl, 1 mM EDTA, pH 7?5) was mixed with 26 sample application buffer, heated to 100 uC for 2 min and then centrifuged for 2 min at 16 000 g. Virion polypeptides were separated by SDS-PAGE under reducing conditions in 10 % gels according to the system of Laemmli (1975) . Invitrogen Mark-12 molecular mass standards were included in each gel. After electrophoresis, the gels were stained with Coomassie blue G-250 and the approximate molecular masses of the virion polypeptides were estimated by their relative mobility as compared to the molecular mass standards.
RFLP comparisons of KHV isolates. For RFLP comparisons, a total of 1-2 mg of viral DNA purified from each of the KHV isolates was incubated with 10 U of KpnI endonuclease for 1 h at 37 uC. DNA fragments were separated by electrophoresis on 0?8 % (w/v) agarose gels and photographed under UV irradiation after staining with 0?5 mg ethidium bromide ml 21 .
Temperature effects on replication of KHV in KF-1 cells.
Each well in a total of seven 24-well tissue culture plates containing KF-1 cell monolayers was inoculated with 0?1 ml KHV at an m.o.i. of 0?008. As a control, 0?1 ml of sterile MEM-2/HEPES not containing KHV was added to all wells of a second set of seven plates. One inoculated plate and one control plate were then placed into incubators at each of the following temperatures: 4, 10, 15, 20, 25, 30 and 37 uC for virus adsorption. After 1 h, each well was rinsed twice with 1 ml MEM. After the second rinse with MEM, 1 ml MEM-2/HEPES was added to each well and the plates were returned to their respective incubation temperatures. Two replicate wells from each virusinoculated plate at each temperature were used to evaluate virus concentrations present in each of the cell-free and cell-associated fractions at 6, 12, 24, 36, 48 and 96 h, and 7, 13 and 25 days postinoculation.
At each sample point, the cells were scraped from each well into the medium and centrifuged at 4 uC for 10 min at 15 000 g. These centrifugation conditions were used for all subsequent samples collected in the growth temperature study. After centrifugation, the supernatant was stored on ice and the remaining cells were resuspended in 1 ml of MEM and centrifuged again. The cells were rinsed once more and collected by centrifugation. A 1 ml aliquot of MEM-2/HEPES was added and the cells were disrupted by 10-15 strokes with a Dounce tissue homogenizer. The cell debris was subsequently removed by centrifugation and the supernatant retained. Serial tenfold dilutions of the cell extract (cell-associated) or the original cell culture medium (cell-free) were prepared in MEM-2 and used to inoculate KF-1 cells to determine virus concentrations by TCID 50 assay. In addition to estimates of virus concentrations by TCID 50 analyses, at each sampling point 150 ml of supernatant from one of the two replicate wells sampled at each temperature was collected and DNA was extracted and tested for the presence of KHV DNA by PCR. Viral DNA was extracted using a low salt lysis buffer (20 mM Tris/HCl pH 8, 10 mM EDTA, 1 % SDS), followed by a phenol/chloroform/isoamyl alcohol purification. The PCR assay for KHV utilized was that previously described by Gilad et al. (2002) .
Source of fish. Koi used in the experimental trial were obtained from a closed-system commercial ornamental fish producer in Central California with no history of KHV infection. Fish were transported live to the Fish Health Laboratory at the University of California Davis and held in 130 L flow-through aquaria receiving 18 uC well-water at 1?8 L min 21 . Fish were fed a commercial koi ration at 1 % body weight per day. At the time of experimentation these fish were approximately 2-years-old with a mean weight of 0?27 kg and a mean length of 23 cm.
Effect of water temperature on mortality following KHV exposure. All fish were combined into one 800 l aquarium before being randomly distributed to a total of 12 aquaria of 130 l capacity for the temperature trials. Fish were randomly assigned to aquarium by drawing numbers from a common pool such that each aquarium eventually contained 19 to 21 fish. All fish were initially at a water temperature of 18 uC. Acclimation to each of the three other water temperatures (13, 23 or 28 uC) for the trial was accomplished by lowering or increasing the water temperature in increments of 3 uC per day until the desired temperature was obtained. There were three replicate aquaria at each water temperature. Fish in one aquarium at each temperature received a bath exposure to 12 TCID 50 KHV ml 21 . Fish in a second aquarium at each temperature received a bath exposure to 1?2 TCID 50 KHV ml 21 . The third aquarium was treated identically to the virus-exposed groups but received only MEM containing no virus. During the exposure period to virus or MEM (no virus) the water flow was stopped and oxygen was bubbled into each aquarium for a period of 1 h. After the exposure, the flow of the water to the aquaria was resumed. Fish that died during the study were removed daily and selected tissues (gill, kidney and spleen) were examined for the presence of virus by isolation using KF-1 cells (Hedrick et al., 2000) . Tissues from dead fish from which KHV could not be isolated in KF-1 cells were tested by PCR (Gilad et al., 2002) . At 30 days post-initial-exposure (p.e.) to KHV, six fish from each of the three aquaria at the 13 uC water temperature were sacrificed and examined for the presence of the virus as described above. Also at 30 days p.e., six additional fish from the same aquaria at 13 uC were moved to new aquaria (keeping them as three separate groups) and the water temperature was shifted to 23 uC by increments of 3 uC each day. At 63 days p.e., five fish from each of the aquaria that had remained at 13 uC were sacrificed and examined for the presence of KHV. At 64 days p.e., two control unexposed fish, one high-dose-exposed fish, and two lowdose-exposed fish, previously held at 13 uC were shifted to a water temperature of 23 uC. An equal number of fish representing these same three groups were kept at 13 uC. All fish remaining at 13 uC or shifted from 13 to 23 uC were sacrificed and sampled for the presence of KHV at 100 days p.e. At 30 days p.e., six fish from the control unexposed groups at 28, 23 and 18 uC were sacrificed and sampled for the presence of the virus. At 64 days p.e., six fish from the control unexposed groups at 28, 23 and 18 uC were sacrificed and sampled for the presence of the virus. Also, at 64 days p.e. all remaining virus-exposed fish (survivors) at 28, 23 and 18 uC were sacrificed and sampled for the presence of KHV. The mean days to death value was calculated as the sum of the days when each fish died divided by the total number of fish that died with that treatment.
Virus testing of fish in the temperature trial. The primary method for detecting the presence of KHV in the tissues of fish was isolation in KF-1 cells. Approximately 2610 6 cells in each well of a 12-well plate received 0?2 ml of a 1 : 50 (w/v) dilution of the original fish tissue extract prepared as described by Gilad et al. (2002) . After an adsorption period of 1 h, 2 ml MEM-2/HEPES was added to each well and the plates were incubated at 20 uC. The plates were observed daily for 30 days for evidence of CPE. To confirm that the CPE was due to KHV, the supernatant from selected wells was tested for KHV DNA by PCR.
KHV DNA extraction from fish tissues. Portions (approximately 0?1 g) of the gill, kidney and spleen were sampled from individual fish and DNA was extracted using a DNeasy Qiagen kit, following the tissue extraction protocol (Qiagen). The DNA was stored in buffer at 4 uC until tested by PCR (Gilad et al., 2002) .
Statistical analyses. Differences in treatment groups were evaluated by survival analysis using the Cox proportional hazard model (Kalbfleisch & Prentice, 1980) . The data were analysed for the effects of water temperature, dose or shifting from one water temperature to another (13 to 23 uC). A second analysis excluded temperatureshifted fish and a third analysis examined survival as related to water temperature. The accelerated life model (Scheiner & Gurevitch, 2001 ) was used as an alternate approach to the same three analyses conducted with the Cox proportional hazard model and yielded qualitatively similar results.
RESULTS

Analysis of virion polypeptides
Six of seven isolates showed no significant differences in the number or size of the virion polypeptides (Fig. 1) . Two additional polypeptides of approximately 162 and 41 kDa were observed with the D-081 isolate from koi in Israel.
RFLP comparison
An RFLP comparison of the viral genomic DNA of the seven isolates revealed no significant differences between six of the seven isolates (Fig. 2) . Two additional restriction fragments observed with KHV isolate D-081 were not seen in any other isolate. These fragments were observed when lower concentrations of digested DNA were examined by gel electrophoresis and when digestion times were extended up to 24 h. Deliberate overloading of digested DNA from other isolates of KHV examined by gel electrophoresis also failed to reveal additional bands similar to those observed in isolate D-081 (data not shown).
Temperature effects on replication of KHV in KF-1 cells
Optimal virus growth in the KF-1 cell line was observed at temperatures between 15 and 25 uC ( Table 2 ). The highest virus concentrations were observed in the cell-free fraction at 20 u C at 7 days. Virus detected at 4 and 10 u C at early time points and at 7 and 13 days was just above the limits of detection (42 TCID 50 ml
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) of the assay. There was no evidence of virus growth at 30 or 37 u C.
Experimental effect of water temperature on fish mortality
Of the fish held at a water temperature of 28 uC, 17 of 20 died in both the low-and high-dose virus-exposed groups (Fig. 3) . Of the fish held at 23 u C, 19 of 21 fish died in the high dose group and all 20 fish died in the low dose group. Of the fish held at 18 u C, 20 of 21 and 17 of 19 fish died in both the high-and low-dose virus-exposed groups, respectively. No mortality was observed among virus-exposed fish held continuously at 13 u C. Of the first group of fish held at 13 u C and later shifted to 23 u C, 5 of 6 and 5 of 6 fish died in both the high-and low-dose groups, respectively. No mortality was observed in the second group of fish held at 13 uC and later (64 days p.e.) shifted to 23 uC. Also, no mortality was observed in any of the control groups not exposed to KHV held constantly at one water temperature or shifted from 13 to 23 u C.
The mean days to death value was lowest among virusexposed fish at the highest water temperature and then progressively greater as water temperatures declined (Table 3) . At a water temperature of 28 uC, the mean days to death was 7?7 and 9?2 days for the high-and low-dose virus-exposed groups, respectively. In contrast, at a water temperature of 18 uC, the mean days to death was 18?2 days and 23?6 days for the high-and low-dose groups, respectively. The mean days to death for the fish after shifting from 13 to 23 u C on day 30 p.e. was 7?4 days and 12?8 days for the high-and low-dose groups, respectively.
Of the fish held at 28 u C, virus was recovered from only 9 dead fish in both the high-and low-dose groups (Table 4) . However, PCR detected viral DNA in 7 and 6 of the dead fish that were negative by virus isolation from the highand low-dose groups, respectively. Of the fish held at 23 uC, virus was recovered from 16 dead fish from both the high-and low-dose groups. PCR detected viral DNA in 1 of 3 and 4 of 4 of the dead fish that were negative by virus isolation from the high-and low-dose groups, respectively. Of the fish held at 18 u C, virus was recovered from all dead fish in the high-dose group and from 15 of 17 dead fish from the low-dose group. PCR detected KHV DNA in 1 dead fish that was negative by virus isolation from the low-dose group. Virus was not isolated from two groups of 6 live fish held continuously at 13 uC and sacrificed at either 30 or 64 days p.e. Of the fish held initially at 13 uC and later shifted to 23 uC on 30 days p.e., virus was recovered from all dead fish from the high-dose group and from 4 of 5 dead fish from the low-dose group. PCR detected viral DNA in the 1 fish that was negative by virus isolation from the low-dose group. Virus was not isolated from any surviving virus-exposed fish from any of the different water temperature treatments examined at 64 days p.e. Virus was also not isolated from any unexposed fish examined at any water temperature at 30, 63 or 100 days after the experiment began.
Statistical analyses indicated that water temperature, including shifting from 13 to 23 uC, had significant Fig. 3 . Survival among groups of juvenile koi following waterborne exposure to KHV at different water temperatures. Two experiments were conducted, one at a higher dose (TCID 50 ml "1 =12) (top graph) and the second at a lower virus dose (TCID 50 ml "1 =1?2) (bottom graph). There was no mortality among virus exposed-koi in either trial at 13 6C or among unexposed groups of koi held at each water temperature. Table 3 . Mean days to death for juvenile koi following waterborne exposure to KHV at different water temperatures and two virus doses KHV-exposed koi at 13 uC did not die until shifted to 23 uC at 30 days p.e. The mean days to death was calculated as the sum of the days to death for individual fish in a group divided by the total number of dead fish in the group. (P<0?0001) effects on survival. There were no differences in survival observed between virus-exposed fish held continuously at 23 u C compared to those originally at 13 u C that were then shifted to 23 u C at 30 days p.e. A second analysis included only fish that were not temperature-shifted and again water temperature and not dose was the only significant factor in survival (P<0?0001). The third analysis demonstrated that survival was significantly greater at 13 uC than any of the other temperatures tested and that survival at 18 u C differed from that at 23 and 28 u C. No differences were observed between survival among virus-exposed fish at 23 and 28 u C. When the same three survival analyses were conducted with the accelerated life model, the results were the same as those obtained with the Cox proportional hazard model, with the sole exception that in the third analysis (effects of temperature alone) the increase in survival at 28 uC was significantly different from that at 23 uC.
DISCUSSION
Since its initial discovery, KHV has spread rapidly, presumably through the unregulated movement of live koi and common carp. KHV is known to cause significant mortality during production phases and then subsequently in older fish during or after local, regional or international shipments (unpublished data). The similarities in virion polypeptides and RFLP analyses of genomic DNA found among isolates of KHV from diverse geographical regions are consistent with a rapid spread of the virus from a single or limited source (Banks, 1993) . Most outbreaks in the Northern Hemisphere begin in the spring and last through the summer. Our experimental trials suggest that they are controlled in part by temperature, which influences both virus replication in cell culture and the onset and severity of mortality in virus-exposed koi.
Virion polypeptide and RFLP analyses of genomic DNA have been used to compare related viruses or isolates in many animal species including fish (Banks, 1993; Chousterman et al., 1979; Colyer et al., 1986; Hyatt et al., 2000; Sano et al., 1991a) . Our earlier comparison of the first two isolates of KHV from Israel (KHV-I) and the USA (KHV-U) by SDS-PAGE and RFLP assays indicated the two isolates were identical but quite different from a second herpes-like virus (CHV) from koi and common carp (Gilad et al., 2002) . The virion polypeptides and RFLP for the new geographically diverse isolates of KHV were identical or similar to those observed previously with KHV-I and KHV-U (Gilad et al., 2002) (Figs 1 and 2 ). Even considering the minor variation seen with the D-081 isolate, KHV isolates from diverse geographical locations form a relatively homogeneous group. RFLP analyses have been used for other viral diseases (e.g. Aujeszky's disease in pigs) to record movements of known strains and emergence of new virus isolates (Banks, 1993) . The homogeneity among KHV isolates using this procedure suggests that one prominent virus isolate has spread worldwide, most likely with the regional, domestic and international trade of koi. Since routine health inspections of koi are not often required for regional or international shipments, there is little ability to trace the exact origin and the temporal spread of KHV. The fact that all isolates in this study could be detected during outbreaks was indicated by the production of identical size amplicons with the single round PCR of Gilad et al. (2002) (data not shown). Sequencing of these amplicons and more variable regions of the viral genome in the future may allow more precision in distinguishing between geographically diverse isolates (Hyatt et al., 2000) . Alternately, a very rapid spread of a single strain of the virus (suggested by RFLP) may have occurred and only over time will we begin to see more genetic variation between independently evolving strains.
Viral infections in ectothermic vertebrates can be greatly influenced by temperature (Ahne et al., 2002) . Water temperature is known to influence the onset and severity of fish virus infections directly by altering virus replication and indirectly by augmenting the efficacy of the host immune response (Alcorn et al., 2002; Bly & Clem, 1992) . The optimal temperature range for KHV growth in KF-1 cells ranged between 15 and 25 uC, and is similar to that found for the growth of CHV, the other herpesvirus isolated from koi and common carp in the EPC cell line from common carp (Sano et al., 1993) . No replication of KHV or CHV was observed at 30 u C (Table 2 ; Sano et al., 1993) , suggesting that both viruses are adapted to the range of water temperatures (2-30 uC) tolerated by their fish host (Hecker, 1993) . In general, most studies examining the influence of temperature on the growth of fish viruses in cell culture have demonstrated that optimal replication in vitro occurs at a wider range than that found in the fish host, most often by 2-3 uC (Baudouy et al., 1980; De Kinkelin et al., 1974) , which may indicate that a water temperature of 28 uC is perhaps the maximum tolerated by the virus in koi. An additional study that examines infections of koi in the 28 u C to 30 u C range is needed to confirm the upper water temperature threshold for the virus. This is critical since water temperatures at 28 u C and above are currently used in attempts to control virus infections and to induce immunity among virus-exposed fish shifted to these higher water temperatures by koi producers (J. Dawes, personal communication).
The mortality observed in our water temperature study indicates that koi are susceptible to very low concentrations of the virus within the temperature range tested. Both the Cox proportional hazard and the accelerated life models indicated that water temperature was the significant factor influencing risk of mortality. Virus dose was not a significant factor, at least between the two doses used in our study. The water temperatures we tested were chosen to represent the seasonal changes that might be anticipated at a fish farm. As an example, during winter in Israel water temperatures can fall to as low as 13 uC and then begin to rise in spring to 18 uC to reach 23-28 uC or more in the summer. Fall temperatures would resemble those in spring but be declining into the winter. In general, koi and common carp, whether in backyard ponds or larger production facilities, experience most severe disease episodes, including those due to KHV, as water temperatures begin to increase in the spring (Fijan et al., 1971; Hedrick et al., 2000) . This increased disease susceptibility is presumed to result from a lag in the activation of the immune response, which declines during the colder winter months. Water temperatures can directly affect the function of both the cellular and humoral arms of the immune response (Bly & Clem, 1992; Collazos et al., 1994) . KHV outbreaks in Israel increase in the spring as water temperatures approach 18 u C. Our experimental trials demonstrated that KHV mortality experienced in spring or summer could represent activation of virus infections that were contracted earlier but were dormant at lower temperatures (e.g. 13 u C). Shifting of these infected fish from cooler to higher water temperatures (e.g. 23 uC) rapidly induces mortality (mean days to death of 7-12 days), an effect that may mimic the overwintering and spring time occurrences of KHV mortality that occur in larger farms in Israel. However, if KHV exposed fish at cooler water temperatures are held for an extended period of time (e.g. 64 days) prior to increasing water temperatures, they do not experience mortality. Whether these fish have acquired an immunity to re-infection was not tested in our study but, if this is the case, this may be a useful method of control in endemic areas. As with fish protected by shifts to a higher water temperature following virus exposure, it is uncertain whether some form of latency develops in KHV-exposed fish held for longer periods at cooler water temperatures.
Recent mass mortality events among koi and common carp due to KHV suggest that a broad geographical distribution of the agent has already occurred. The severity of these outbreaks has caused an increased awareness of the virus, and certain state and national regulatory agencies have instituted or are considering instituting inspection and certification programs. Disease controls are warranted due to the importance of carp as a major protein source in regions where livestock is relatively scarce (e.g. Asia and the Middle-East), the value of individual fish (koi) and the need to attend to the overall welfare of fish as pets. In addition, programs that include quarantine under permissive water temperatures and sampling by new molecular diagnostic tools should be implemented immediately to control spread of the virus. Lastly, concerns over the potential spread of the virus from ornamental or farmed fish to wild cyprinid fish, as may have occurred recently with the spring viraemia of carp rhabdovirus (Goodwin, 2002) , further supports the need for health controls for this emerging viral disease.
